The current study examined the cognitive mechanisms underlying task and language switching by comparing them with each other, and with flanker task performance, at multiple points of the response time distribution. Ninety-eight Spanish-English bilinguals completed cued language and color-shape switching tasks, and 2 versions of a nonlinguistic flanker task. Bilinguals responded more quickly and exhibited smaller mixing costs in the language task, but surprisingly exhibited larger switching costs than in the color-shape task. This language-task disadvantage was especially apparent in slower reaction times (RTs), because switching costs increased significantly through the slowest end of the RT distribution only in the language task (but not in the color-shape task). Although the flanker task resembled the language task to a greater extent than the color-shape task in some measures (e.g., flanker effects were largest in the slowest RT bins, like language switching costs), in other measures the 2 switching tasks resembled each other and the flanker task stood out as different (i.e., trial sequence effects and correlations between tasks in various cost measures). These results reveal that different measures of switching costs even in tasks with very similar designs, vary in the extent to which they measure switching ability, both between tasks, and even between different trials within the same task. Distributional analysis of RTs across tasks suggests that slow responses, particularly when switching between non-naturally competing responses, might not measure switching ability at all, and raises the possibility that smaller switching costs can even reflect reduced ability to juggle tasks in some cases.
Cognitive control generally refers to how humans adjust their behavior to changing circumstances in order to achieve a certain goal. Central to this area of research is the study of conflict resolution. Specifically, how do humans detect conflict, how do they flexibly and rapidly adjust to avoid or resolve conflict (by focusing on relevant and ignoring irrelevant aspects), what are the underlying cognitive mechanisms that enable this process, and how specific is it to particular contexts and domains of function? Throughout the literature, across a variety of different tasks, the same cognitive mechanisms are invoked, often involving inhibition of irrelevant representations (Green, 1998; Munakata et al., 2011) or activation of relevant ones (Colzato et al., 2008; Costa, Miozzo, & Caramazza, 1999; Morton & Munakata, 2002) . However, the specificity of these mechanisms across domains and tasks is still unclear. For example, does resolving a perceptual conflict (by inhibiting or activating visual aspects) involve the same cognitive processes as resolving a linguistic conflict (by inhibiting or activating linguistic representations)? A typical approach for studying the specificity of cognitive mechanisms is to select tasks presumed to measure the same mechanism in different domains and to correlate or compare them across groups. In the field of bilingualism this was done by comparing language with task switching, or bilinguals with monolinguals in task switching. The current study puts a magnifying glass on switching by comparing three commonly used tasks-flanker, language switching, and color-shape switching tasks within a group of Spanish-English bilinguals to examine how individual differences and variation in task demands can affect performance.
When bilinguals speak one language, there is compelling evidence to suggest that their other language is also active and competes for selection (e.g., Colomé, 2001; Poulisse, 1999) , creating a continuous conflict between two phonological alternatives of translation equivalent lexical representations. The degree of conflict will vary with the extent to which each language is activated, and therefore varies as a function of the intended language of production, proficiency level in the two languages, the task that initiates speech planning, and the degree to which each lexical alternative is primed (Kroll, Bobb, Misra, & Guo, 2008) . However, the fact that bilinguals hardly ever use the wrong language by mistake shows that this continuous conflict is effortlessly and rapidly resolved. Two main mechanisms have been proposed to control this type of conflict resolution within the bilingual language processing system. On one view, lexical representations from both languages actively compete for selection, and candidates in the unintended language are eventually inhibited (inhibitory control model; e.g., Green, 1998) . A different view, the languagespecific selection model (e.g., Costa et al., 1999; Roelofs, 1998; Roelofs, Piai, Garrido Rodriguez, & Chwilla, 2016) assumes selection is restricted only to candidates that match the intended language of production, a process that is achieved via a language node that increases activation of the target language candidates, thereby eliminating between-language competition without the need for inhibition. Strikingly, even though bilinguals are highly trained at speaking in just one language (avoiding language mixing when appropriate), they can also easily (and often do) code switch when speaking to bilinguals who speak the same languages. Whether enabled by increasing activation of the nondominant language, or by applying inhibition to the dominant language (or both), management of dual-language activation and switching between languages can be conceptualized as an extreme case of conflict resolution. This is especially compelling, if one considers that words are produced at a rate of two to four words per second (Levelt, 1989) , each and every word must be selected over tens of thousands of alternatives, and for bilinguals also controlled relative to fierce competitors (translation equivalents). This process reflects a large scale decision-making problem that is nevertheless successfully performed in a few hundred milliseconds with each and every word a bilingual utters.
The question is whether the resolution of linguistic conflict and language switching is language-specific (domain-specific), or if there might be a general mechanism for resolving conflict, regardless of domain (domain-general)-and if the latter, then to what extent do different tasks hypothesized to measure switching ability in different domains in fact measure the same construct? One way to address this question is to examine whether bilinguals, who have lifelong training in resolving linguistic conflict, are more efficient than monolinguals at resolving nonlanguage related types of conflict. Costa, Hernández, and Sebastián-Gallés (2008;  see also Costa, Hernández, Costa-Faidella, & Sebastián-Gallés, 2009 ) addressed this question by comparing 100 Spanish speaking monolinguals and 100 Catalan-Spanish early and highly proficient bilinguals on a flanker task, in which participants have to indicate the direction of a central arrow which is presented between four flanker arrows pointing in either the same (congruent trials) or in the opposite direction (incongruent trials; attentional network task or ANT; Fan, McCandliss, Sommer, Raz, & Posner, 2002) . Costa et al. (2008) found that bilinguals exhibited smaller flanker effects (incongruent minus congruent) than monolinguals-that is, they resolved the perceptual conflict between target and flankers more easily. Bilinguals also adapted to conflict better in a comparison of sequences of trial types. For example, responses to congruent trials were faster when following a previous congruent trial than a previous incongruent trial. These trial type "switch costs" were significantly smaller in bilinguals than monolinguals, providing further evidence that lifelong training in resolving linguistic conflict between competing languages (and switching between them) improves both the ability to resolve perceptual conflicts (between arrows pointing in different directions) and the ability to change mindsets (switching between incongruent to congruent trials). Such results imply the existence of domain-general conflict monitoring, conflict resolution, and switching systems, and that performance in both the flanker and switching tasks reflects these mechanisms.
However, while Costa et al. (2008) related the bilingual advantage in conflict adaptation to a switching advantage, the validity of this comparison can be questioned given that switching between languages and modulating how conflict is controlled across sequences of incongruent and congruent trials are fundamentally different. While language switching involves switching between task goals (from speaking one language to, purposely, speaking a different language), the task goal in congruent and incongruent flanker trials stays the same (focusing on the central arrow). Therefore, it might be more informative to examine the specificity of conflict resolution by using tasks with similar demands. The search for a domain-general switch mechanism (Yehene & Meiran, 2007) is most commonly examined using trial-by-trial switching tasks, and within the literature on bilingualism specifically by directly comparing the color-shape and language switching tasks (henceforth, color-shape and language tasks). In the language task, participants are asked to name digits in one language and then to switch to a different language according to a prespecified cue. In the color-shape task, the cue indicates whether participants should judge the stimulus for its color or its shape (e.g., red and green circles and triangles). Although these tasks have a very similar design, they differ in several aspects. For example, in the language task conflict could arise at the lexical or phonological level whereas in the color-shape task conflict might arise at an earlier stage, that is, the semantic/conceptual level. Moreover, languages are naturally competing alternative response sets (speaking requires choosing a language) while color and shape are not (e.g., the meaning of a Stop sign derives from the combination of both color and shape).
In addition to mixed task blocks which include stay (i.e., using the same language or naming a color for two consecutive trials) and switch trials (i.e., naming digits in different languages or naming a color and then a shape on two consecutive trials) interleaved throughout the block, often included in studies of switching are pure blocks in which only a single task is examined (using only This document is copyrighted by the American Psychological Association or one of its allied publishers.
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one language or judging only color for an entire block of trials). Pure blocks reflect the lowest degree of conflict (and at least in some contexts might involve no conflict whatsoever) because the irrelevant language and concept are not needed or used, reducing interference to a minimum. Even if the irrelevant language/concept might be partially active, the degree of activation level of the target would certainly be much higher relative to mixed blocks. Nonswitch or stay trials in the mixed blocks on the other hand, reflect higher degree of conflict relative to trials in single task blocks, because the irrelevant language/concept might be used on any given trial, and therefore is primed and more likely to interfere more with target selection. Finally, switch trials represent the highest degree of conflict given low activation level of the intended target that was either inhibited or not activated on the preceding trial, and the relatively high activation level of the unintended task that was just performed.
The difference between single trials in pure blocks and stay trials in mixed blocks (in reaction times [RTs] or error rates) are termed mixing costs whereas the difference between stay and switch trials in the mixed blocks are usually called switching costs. Mixing costs are thought to reflect the processes associated with maintaining multiple task configurations active in working memory (Huff, Balota, Minear, Aschenbrenner, & Duchek, 2015; Minear & Shah, 2008; Pettigrew & Martin, 2016) , or resistance to interference caused by the (higher) activation level of the irrelevant language/concept in stay compared with single trials. Switching costs are thought reflect processes associated with task-set reconfiguration (Rogers & Monsell, 1995) or adjustment of the relative activation of recently performed but currently irrelevant tasks. Allport, Styles, and Hsieh (1994) suggested that switching costs arise from continued priming of the previous task (competitor priming) and suppression (negative priming) of the currently intended task.
A number of studies compared language with color-shape switching costs to explore whether they reflect the same processes. Beginning with Prior and MacWhinney (2010) , a number of studies reported smaller switching costs for bilinguals than monolinguals in the color-shape task, but with various caveats. For example, Prior and Gollan (2011) found smaller switching costs in the color-shape task only for Spanish-English bilinguals, who reported switching languages more often than Mandarin-English bilinguals, who in turn exhibited the same size switching cost as monolinguals. Similarly, Stasenko, Matt, and Gollan (2017) found smaller switching costs for Spanish-English bilinguals relative to monolinguals, but only when preparation time (cue-target interval [CTI]) was long (1,016 ms, and not when it was short, 116 ms) and only in the first half of experimental trials. Houtzager, Lowie, Sprenger, and De Bot (2017) reported a bilingual advantage in switching costs for elderly (65-85 years) but not middle-aged (35-56 years) adults. Other studies failed entirely to find bilingual advantages, for example, Paap and Greenberg (2013) found no difference between monolinguals and bilinguals in switching or mixing costs in the color-shape task (see also de Bruin, Treccani, & Della Sala, 2015; Paap, Johnson, & Sawi, 2015;  for review see Table 1 in Stasenko, Matt, & Gollan, 2017) . Mor, YitzhakiAmsalem, and Prior (2015) found no bilingual advantage when comparing 40 Russian-Hebrew bilinguals to 40 Hebrew monolinguals in the color-shape task. Similarly, Prior and Gollan (2013) found no bilingual advantage when testing participants in the color-shape task with vocal instead of button-pressed responses.
A more direct and powerful way to examine if language switching relies on domain-general cognitive mechanisms is to compare tasks with similar designs within the same group of bilinguals. However, this approach has also yielded conflicting results perhaps in part because it has been focused on cross-domain correlations in switching costs, but difference scores (such as switching costs) are notoriously noisy and correlations or their absence are difficult to interpret (Cohen & Cohen, 1983; Friedman & Miyake, 2004; Fuguitt & Lieberson, 1973; Kopp, 2011) . Several studies found that switching costs are not significantly correlated across domains (Calabria, Branzi, Marne, Hernandez, & Costa, 2015; Calabria, Hernández, Branzi, & Costa, 2012; Stasenko et al., 2017) , whereas mixing costs in the color-shape and language tasks exhibit highly robust correlations (Prior & Gollan, 2013; Stasenko et al., 2017) . These correlations seem to imply that mixing costs share common mechanisms across domains while switching is domain-specific; in which case bilingual advantages should be found in mixing not switching costs (e.g., see Wiseheart, Viswanathan, & Bialystok, 2016) . Other approaches have been to compare aging effects on linguistic versus nonlinguistic switching tasks (Calabria et al., 2015; Weissberger, Wierenga, Bondi, & Gollan, 2012) , to compare tasks using neuroimaging (De Baene, Duyck, Brass, & Carreiras, 2015; Weissberger, Gollan, Bondi, Clark, & Wierenga, 2015) , and to contrast cued with voluntary switching (Blanco-Elorrieta & Pylkkänen, 2017; Gollan, Kleinman, & Wierenga, 2014) .
While most studies referred to smaller switching costs as an advantage, reflecting better mindset change, Huff, Balota, Minear, Aschenbrenner, and Duchek (2015) suggested the opposite. They used a letters-digits task in which young, middle aged, healthy older, and mildly demented participants had to judge if a stimulus such as "D 14" has a consonant or vowel, or an even or odd number, depending on a cue. In addition to averaging RTs, they used a Vincentile analysis, ranking all RTs of each trial type from fastest to slowest and dividing them into individualized speed bins, with fastest bins reflecting good performance (in which participants were well-tuned to the relevant task), and slowest bins possibly reflecting ineffective memory retrieval processes, or lapses of attention (Balota, Yap, Cortese, & Watson, 2008; Schmiedek, Oberauer, Wilhelm, Süss, & Wittmann, 2007; West, 1996; West, Murphy, Armilio, Craik, & Stuss, 2002) . They found that older adults exhibited smaller switching costs when compared with younger adults, especially in slow RTs. They suggested that on such trials older adults treated each trial almost as if they were restarting the task, which wiped out task repetition priming effects, and increased competitor activation on stay trials. Possible reasons for this seemingly compensatory approach could include lower processing efficiency, control of attention, or working memory capacity, a preference for accuracy over speed, or some combination of the above. Consequently, mixing costs increased because competitor activation on stay trials increased interference compared to single trials, whereas switching costs decreased because stronger competitor activation on stay trials made the switched-to task more accessible on switch trials.
These findings imply that simple comparisons of switching and mixing costs across populations, tasks, and domains potentially misses a critically important issue. That is, even within a task and This document is copyrighted by the American Psychological Association or one of its allied publishers.
within individuals, the relative activation of the target and the competitor, and therefore mixing and switching costs, can vary from trial to trial even within the same condition as a function of cognitive control and strategic preferences. Therefore, if the ability to simultaneously activate two languages in working memory is different than the ability to simultaneously activate color and shape, cognitive control and strategic preferences will have different effects on language versus color-shape mixing and switching costs, and possibly in different ways across different points of the response distribution.
In the current study, we compared three different tasks commonly assumed to reflect ability to manage conflict across different points in the RT distribution. Specifically, we asked if linguistic conflict at the phonological/lexical level (language switching) reveals similar patterns of switching costs across the RT distribution when compared with conceptual conflict (color-shape switching) and perceptual conflict (in the flanker task). Because the language and the color-shape switching tasks share similar designs (i.e., the task changes on every switch trial), we expected them to show similar patterns of mixing and switching costs in overall response times. However, when broken down by RT distribution, the color-shape and language tasks might pattern differentlyparticularly in slow response times which might reveal different aspects of cognitive control needed to complete the two tasks. Using similar logic, cross-task correlations in switching and mixing costs across color-shape and language tasks might be more expected in fast than in slow RTs (assuming dissociations arise mainly with lapses of attention and uncertainty about which task is relevant). The flanker task was more difficult to predict; on the one hand it might be expected to resemble the color-shape more than the language task, because both involve a conflict between perceptual aspects, but on the other hand it might be expected to resemble the language task more given that uncertainty in both tasks would yield a conflict between two alternatives (two languages or two directions) whereas uncertainty in the color-shape task would elicit competition between four alternative responses (two colors and two shapes).
Method Participants
Ninety-eight Spanish-English bilinguals participated in the study in exchange for course credit in the psychology department at the University of California, San Diego (UCSD). Intrusion error data for the same participants were previously reported in detail (Gollan & Goldrick, 2018) . Sample size was selected based on previous studies using this task (Gollan & Goldrick, 2016; Gollan, Schotter, Gomez, Murillo, & Rayner, 2014) . The majority of bilinguals (N ϭ 84) was born in the U.S. or immigrated at or before age 5 (N ϭ 76) and learned Spanish at home before English, but was English-dominant due to extended immersion and schooling in English. We classified language dominance using our objective measure, that is, picture naming scores on the Multilingual Naming Test (MINT; Gollan, Weissberger, Runnqvist, Montoya, & Cera, 2012) . The MINT consists of 68 black-and-white line drawings administered in order of progressing difficulty, designed to assess picture-naming ability in four languages (English, Spanish, Mandarin, and Hebrew). According to their MINT scores, 83 bilinguals were English dominant (scored higher in English than in Spanish), nine were Spanish dominant (scored higher in Spanish than in English), three were balanced (had the same score in Spanish and English), and only two had unknown objective proficiency (they did not complete the MINT; both of these bilinguals rated their English as stronger overall than their Spanish, a difference of one in writing ability only). All participants gave informed consent and all study procedures were in accordance with the policies of the UCSD Institutional Review Board (IRB). See Table  1 for self-reported participant characteristics and picture naming ability in each language on the MINT.
Materials and Procedure
This data presented herein were obtained following a measure of language switching ability as reported in Gollan and Goldrick (2018) . Participants began by completing a Language History Questionnaire followed by a read aloud task (in which they read aloud 16 short paragraphs including some that mixed languages). Subsequently they completed six measures of individual differences in executive control in a fixed order beginning with one version of the flanker test (central presentation of stimuli; Wardlow, Ivanova, & Gollan, 2014) , Trails A (connecting numbers in ascending order) and B (alternating between connecting numbers and letters in ascending order; TMT: Reitan, 1992) , the Color Word Interference Task (CWIT), a subtest of the DKEF-S (Delis, Kaplan, & Kramer, 2001) , and another version of the flanker test (Simon-like flanker-the stimuli were presented on the left/right/ center of the screen; Gollan, Sandoval, & Salmon, 2011 , based on Fan et al., 2002 and Simon & Rudell, 1967 . The order of these tasks was fixed with one exception; the two versions of the flanker 3 Based on half of the participants' sample (those who completed the single-word switch condition in Gollan & Goldrick, 2018, N ϭ 48) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
task were counterbalanced (swapping position for every other participant). After these tasks, two trial-to-trial switching tasks were administered in counterbalanced order (half of the participants completed the language task first, and half of the participants completed the color-shape task first). At the very end, participants completed an objective test of language proficiency, naming MINT pictures in both English and Spanish in counterbalanced order between participants. We did not analyze Trails and CWIT tasks in detail herein (but see Table 1 for means and SDs) because these tasks did not provide trial-to-trial measures of switching ability and therefore could not be directly compared to the three tasks of primary interest (language, color-shape, and flanker tasks). Full descriptions of these tasks can be found in Stasenko et al. (2017) . Computerized tasks were presented using PsyScope X software (Cohen, MacWhinney, Flatt, & Provost, 1993; http://psy.ck.sissa.it) on an iMac 7 computer with a 20-in. monitor. Participants were seated approximately 60 cm from the monitor. Naming times were recorded using headset microphones connected to a response box. Spoken responses were recorded live with a digital recorder. Language history questionnaire. Participants completed a language history questionnaire in which they estimated their daily use of English and Spanish, currently and when growing up. They also rated their English and Spanish proficiencies on a scale of 1 (not at all) to 7 (like a native speaker) and provided some more information regarding their linguistic and personal characteristics (e.g., first exposure to English and Spanish, years of caregivers' education, languages spoken at home, see Table 1 ).
Color-shape switching task. This task was adapted from Prior and Gollan (2011; see also Prior & MacWhinney, 2010) but was most similar in design to Prior and Gollan (2013) which used vocal, rather than button-pressed responses. One small difference between the current study and Prior and Gollan (2013) was that for the color-shape task only (and not the language task), Prior and Gollan (2013) included a tone after incorrect responses, whereas the current study did not include a tone, but all other aspects of the design were the same. Vocal responses were used because to our knowledge the only article that reported a significant correlation between switching costs in the color-shape and language tasks was Prior and Gollan (2013) ; though this was driven by monolinguals who were not practiced in language switching and used whatever language they could name digits in. The use of voice responses also increases similarity between the two switching tasks, avoiding the confound of having language responses in one task and motor responses in the other, thus possibly maximizing the chance of observing shared switching mechanisms between the linguistic and nonlinguistic domains. Participants made color and shape decisions on visually presented stimuli with spoken responses. The experiment used a sandwich design (Rubin & Meiran, 2005) in which participants first completed two single-task blocks (i.e., color only or shape only, counterbalanced across participants), each including 12 practice trials and 20 experimental trials. Next they completed mixed-task blocks which included 16 mixed-task practice trials followed by four blocks of 20 experimental trials each. Finally, they again completed two single-task blocks, presented in the opposite order from that used in the first part of the sandwich design. In each mixed-task block, half of the trials were switch trials and half were nonswitch/stay trials, of both the color and shape tasks, randomly ordered with a maximum of four consecutive trials of the same type. Each stimulus appeared five times in each block. One additional dummy trial was included at the beginning of each block and was excluded from analysis. Thus, the sandwich design enabled a comparison of 40 switch trials, 40 stay trials, and 80 single-task trials (40 color and 40 shape).
Each trial began with a fixation cross that was presented for 350 ms, followed by a 150-ms blank screen. The task cue then appeared on the screen for 250 ms, 3.5 cm above the fixation cross. The cues for the color and shape tasks were a color gradient and a row of black shapes, respectively. The task cue remained on the screen and the target appeared in the center of the screen. Targets were either red or green circles (3 cm radius) or triangles (3 cm base, 2.5 cm height). The cue and target remained on the screen until the participant responded (named the color or the shape), or for a maximum of 3 s. An 850-ms intertrial blank screen was presented before the onset of the following trial.
Language task. The methods and procedure for the language task were analogous to the color-shape task except here participants were asked to name digits (one to nine) aloud as quickly and accurately as possible based on a language cue. The cues were the United States flag for English digit naming, and the Mexican flag for Spanish digit naming. Cue and target presentation times were identical to those used in the color-shape switching task. Participants completed two single-language naming blocks (English only and Spanish only, counterbalanced across participants), three mixed-language naming blocks, and again two single-language naming blocks (English only and Spanish only in the opposite order as the first part). The same digit never appeared on two consecutive trials, and there were no sequences of serially ordered numbers longer than two, either ascending or descending. Like in the color-shape switching task, there were at most four consecutive trials of the same type (switch or stay). Every digit appeared either two or three times in each block, and across the entire task, every participant saw each digit either 18 or 19 times (including the dummy trials).
Flanker tasks. We used two different versions of the flanker task (based on the attentional network task; Fan et al., 2002 ; see also Gollan et al., 2011; Wardlow et al., 2014) . In both versions, participants were asked to indicate the direction of a central arrow flanked by two arrows on each side. In the central presentation (henceforth, central flanker), there were 16 congruent displays (five arrows pointing in the same direction), 16 neutral displays (a single arrow flanked by lines without arrowheads), and 16 incongruent displays (a center arrow flanked by two arrows on each side pointing in the opposite direction), all presented at the center of the screen. Participants were asked to press a button on the left or right of a button box to indicate the direction of the central arrow. Each trial began with a central fixation that appeared for 900 ms followed by the stimulus that stayed on screen until a response was made. The intertrial interval was 1 s. There were 24 practice trial followed by 48 critical trials.
In the Simon-like flanker task (henceforth, Simon-like flanker), to increase difficulty, there were 48 congruent, 48 neutral, and 48 incongruent trials divided equally between center, left, or right sides of the screen, creating double incongruence on some trials (e.g., when the target arrow pointed right, and was flanked by left arrows and presented on the left side of the screen). Each trial started with a central fixation that appeared for 400 ms; after which the fixation was accompanied for 100 ms with a location cue. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Then, the fixation was presented on its own for another 400 ms, after which the target appeared for 700 ms, or until the participant pressed the button box. The intertrial interval was 1 s. There were 27 practice trials followed by 144 critical trials evenly divided between three locations and three conditions crossed . In both flanker tasks, feedback was provided only during practice trials. Paragraph reading task. To further examine whether switching behavior in cued trial-to trial switching paradigms reflects switching languages in connected speech, and to examine the association between both trial-to-trial switching tasks (i.e., colorshape and language), conflict resolution abilities (flanker effects) and the number of failures to switch languages, we compared switching costs and flanker effects with language selection errors produced in the read aloud task. Paragraphs were written primarily in one language (the "default" language) and contained either single-word switches, in which a single word switched to the other (nondefault) language and in which subsequent words immediately switched back to the default language, or whole-language switches, in which participants produced at least several words in the other-than-default language before switching back to the default. In the current article, analyses focused on Spanish-default paragraphs with switches to English targets in the single-word switch condition, which produced the greatest number of intrusion errors (and arguably the only condition with sufficient variance for reliable examination of individual differences in switching ability). A full description of stimulus creation and details of the procedure can be found in Gollan and Goldrick (2018) . Because only half the bilinguals in the present study read the single-word switch paragraphs-we did not focus in detail on these comparisons (though these are presented for comparison in Table 1 ).
Results

Color-Shape and Language Tasks
Because of the more obvious and greater similarities between them (relative to the flanker task), we began by comparing switching and mixing costs in the color-shape and language tasks. Dummy trials (i.e., the first trial of every block), incorrect responses (2.2% of trials in the color-shape and 1.9% in the language tasks), responses immediately following an error (also, 2.2% and 1.9%, respectively), responses faster than 300 ms (1% in the color-shape and 0.7% in the language tasks), and trials slower than 3,000 ms (0.1% in the color-shape and 0.1% in the language tasks) were excluded from RT analysis. All other responses were analyzed using SPSS 24 and R Version 3.4.1 (R Development Core Team, 2012) .
1 Correlations between all cost measures reported in this section are presented in Table 2 .
Reaction times. To compare RTs across trial types and tasks, we conducted two ANOVAs with task (color-shape and language) and trial type (single and stay in the first ANOVA and stay and switch in the second) as within-subject variables. Figure 1 illustrates RTs for single, stay, and switch trials (left panel) as well as difference scores (mixing and switching costs, right panel) for both tasks.
Mixing costs. In the first ANOVA, participants responded more quickly in the language (M ϭ 541, SE ϭ 7) than in the color-shape task (M ϭ 596, SE ϭ 8, F(1, 96) ϭ 106.36, MSE ϭ 2785, p Ͻ .001, n 2 ϭ .53) and in single (M ϭ 528, SE ϭ 6) than in stay trials (M ϭ 609, SE ϭ 9; F(1, 96) ϭ 263.33, MSE ϭ 2437, p Ͻ .001, n 2 ϭ .73), main effects of task and trial type, respectively. These main effects were qualified by a significant interaction between task and trial type, F(1, 96) ϭ 9.57, MSE ϭ 815, p ϭ .003, n 2 ϭ .09, such that mixing costs were larger in the colorshape (M ϭ 90, SE ϭ 6) than in the language task (M ϭ 72, SE ϭ 5); t(96) ϭ 3.09, p ϭ .003, Cohen's d ϭ .31.
Switching costs. In the second ANOVA, when comparing stay with switch trials, we found that participants responded faster in the language (M ϭ 601, SE ϭ 9) than in the color-shape task (M ϭ 659, SE ϭ 12), a main effect of task, F(1, 96) ϭ 62.43, MSE ϭ 5118, n 2 ϭ .39, p Ͻ .001, participants responded faster on stay (M ϭ 609, SE ϭ 9) than on switch trials (M ϭ 651, SE ϭ 11), a main effect of trial type, F(1, 96) ϭ 99.36, MSE ϭ 1680, n 2 ϭ .51, p Ͻ .001, and there was an interaction between task and trial type, F(1, 96) ϭ 5.58, MSE ϭ 811, n 2 ϭ .06, p ϭ .02. In contrast with the results observed for mixing costs, in this case switching costs were larger in the language (M ϭ 48, SE ϭ 5) than in the color-shape task (M ϭ 35, SE ϭ 5); t(96) ϭ 2.36, p ϭ .020, Cohen's d ϭ .27. Though English-dominant bilinguals (N ϭ 83) named shapes faster than colors, and digits in English faster than in Spanish, there was no difference between color versus shape responses, nor between English versus Spanish, in either mixing or switching costs (see Appendix for details).
Of further interest, though RTs were faster in the language task than in color-shape, a significant difference in all three trial types, including single, t(96) ϭ 8.90, p Ͻ .001; stay, t(96) ϭ 9.35, p Ͻ .001; and switch, t(96) ϭ 5.84), p Ͻ .001 trials, the magnitude of the difference between tasks was largest for stay trials (64 ms) and relatively smaller for single and switch trials (46 ms and 51 ms, respectively); comparing task difference scores directly, these were larger on stay than on single trials, t(96) ϭ Ϫ3.09, p ϭ .003, and larger on stay than on switch trials, t(96) ϭ 2.36, p ϭ .020, whereas task difference scores were similar between single and switch trials (t Ͻ1).
Errors. Errors were analyzed in the same way as RTs, and produced the same pattern of results. Error differences are reported in percentages.
Mixing costs. Participants made fewer errors in the language (M ϭ 1.10, SE ϭ .14) than in the color-shape task (M ϭ 1.72, SE ϭ .17), F(1, 96) ϭ 9.73, MSE ϭ 3.81, p ϭ .002, n 2 ϭ .09, and fewer errors in single (M ϭ .55, SE ϭ .07) than in stay trials (M ϭ 2.27, SE ϭ .21), F(1, 96) ϭ 69.30, MSE ϭ 4.11, p Ͻ .001, n 2 ϭ .42, main effects of task and trial type, respectively. Moreover, trial types were differently affected by task, an interaction between task and trial type, F(1, 96) ϭ 4.51, MSE ϭ 2.80, p ϭ .036, n 2 ϭ .05, so that mixing costs in color-shape (M ϭ 2.07, SE ϭ .30) were larger than the mixing costs in language (M ϭ 1.35, SE ϭ .22).
Switching costs. Vincentile analysis. Figure 2 illustrates the mean RTs across bins for single, stay, and switch trials in the color-shape and language tasks. Following Huff et al. (2015) , we ranked each participant's RTs into bins (Bin 1 for fastest RTs and Bin 5 for slowest RTs) containing an approximately equal number of trials (the number of trials was not identical due to unequal numbers of error responses and other excluded responses as described above). In the color-shape task, each participant had an average of sixteen (SD ϭ 0.5) observations in each bin on single trials, and seven (SD ϭ 0.6) observations in each bin on stay and switch trials, respectively. In the language task, each participant had an average of sixteen (SD ϭ 0.4) trials on single, eight (SD ϭ 0.6) trials on stay and seven (SD ϭ 0.6) trials on switch trials.
To compare the effect of bin number on the various conditions in each task we conducted two 3-way ANOVAs with task (colorshape and language), trial type (single and stay in the first ANOVA and stay and switch in the second), and bin number (Bins 1-5) as within subject variables.
Binned mixing costs. Mixing costs across bins are shown in the left panel of Figure 3 . The main effects of task, F(1, 96) ϭ 114.03, MSE ϭ 12,824, n 2 ϭ .54, p Ͻ .001, and trial type, F(1, 96) ϭ 261.15, MSE ϭ 12,212, n 2 ϭ .73, p Ͻ .001, were previously discussed and as expected, there was also a significant main effect of bin number, F(4, 384) ϭ 703.22, MSE ϭ 6899, n 2 ϭ .88, p Ͻ .001. Of greater interest, bin number affected the color-shape more than the language task (mixing costs in the color-shape task varied across bins more than they did in the language task), a significant interaction between bin number and task, F(4, 384) ϭ 124.15, MSE ϭ 1397, n 2 ϭ .56, p Ͻ .001. Bin number also affected stay trials more than single trial, an interaction between bin number and trial type, F(4, 384) ϭ 122.62, MSE ϭ 1664, n 2 ϭ .56, p Ͻ .001; the latter appeared to be especially true for the color-shape task, though the three-way interaction between task, trial type and bin number was only marginally significant, F(4, 384) ϭ 2.35, MSE ϭ 1056, n 2 ϭ .02, p ϭ .054 (see Figure 3) . As shown in the left panel of Figure 3 , mixing costs increased from fast (Bin 1) to slow (Bin 5) bins for both the language and color-shape tasks. In both tasks, all paired comparisons between mixing costs in consecutive bins were significant (p Ͻ .001) with one exception, which was the difference in mixing costs between Bins 1 and 2 in the color-shape task, t(96) ϭ .49, p ϭ .62. There was a significant difference between language and color-shape mixing costs, such that mixing costs were larger for the color-shape than for the language task in Bin 1 (20.94 ms); t(96) ϭ 5.30, p Ͻ .001; Bin 2 2 ϭ .87. Again, binning appeared to affect the colorshape more than the language task, an interaction between bin number and task, F(4, 384) ϭ 59.43, MSE ϭ 2178, p Ͻ .001, n 2 ϭ .38, and binning affected switch more than stay trials, an interaction bin between number and trial type, F(4, 384) ϭ 14.0, MSE ϭ 1258, p Ͻ .001, n 2 ϭ .13. This was especially true for the language-task. The three-way interaction between task, trial type, and bin number was highly robust, F(4, 384) ϭ 5.64, MSE ϭ 1389, p Ͻ .001, n 2 ϭ .06, revealing different effects of bin number on switching costs for the two tasks. As shown in the right panel of Figure 3 , in the language task, switching costs increased across bins (switching cost differences between consecutive bins were all significant, all ps Ͻ .05). In stark contrast, in the color-shape task, switching costs increased across Bins 1-4 but there was no further increase in the fifth bin, and instead, if anything, numerically costs decreased in the fifth bin (the difference between switching costs was significant for Bins 1-2 and 2-3, t(96) ϭ Ϫ3.70, p Ͻ .01 and t(96) ϭ Ϫ3.05, p ϭ .003, respectively) but not for Bins 3-4, t(96) ϭ Ϫ1.80, p ϭ .076 and Bins 4 -5, t(96) ϭ 1.58, p ϭ .118). Critically, there was a significant difference between language and color-shape switching costs in Bin 5 (43.48 ms); t(96) ϭ 2.69, p ϭ .009, but not in Bin 1 (0.47 ms; t Ͻ 1).
As in previous analyses, there were no switching or mixing cost asymmetries in neither color-shape nor the language tasks at any point in the RT distribution (see Appendix).
Interestingly, only the slow RTs (Bin 5) in the language task (but not the fast RTs in Bin 1 in this task or any of the other measures in any of the tasks) correlated with the number of intrusion errors in the read aloud task, r ϭ .22, p ϭ .029.
Flanker Tasks
In the Simon-like flanker task responses were faster in the central location (M ϭ 535, SE ϭ 10) than in the congruent (M ϭ 608, SE ϭ 13) and incongruent locations (M ϭ 600, SE ϭ 14), a main effect of location, F(2, 194) ϭ 119.50, MSE ϭ 2640, p Ͻ .001, n 2 ϭ .55. Additionally, location interacted with the flanker effect (incongruent minus neutral) which, unexpectedly was largest in the congruent location (M ϭ 169, SE ϭ 10), next largest in the incongruent location (M ϭ 142, SE ϭ 8), and smallest in the central location where response times were fastest (M ϭ 89, SE ϭ 6), F(2, 194) ϭ 63.26, MSE ϭ 1290, p Ͻ .001, n 2 ϭ .40. If replicated in future work, this unexpected magnification of the flanker effect in the congruent relative to the incongruent location could provide an interesting thread to follow in the goal to understand the cognitive mechanisms underlying flanker effects. However, because the location manipulation produced unexpected results, and to maximize the number of observations in each time bin, in the analyses of flanker effects reported below we collapsed across flanker locations. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Incorrect responses (1%), responses immediately following an error (1%), responses faster than 300 ms (less than 0.5%), or slower than 3,000 ms (less than 0.5%) were excluded from RT analysis. All other responses were analyzed using SPSS24 for ANOVAs and R 3.4.1 for Vincentile analysis (R Development Core Team, 2012).
Flanker effects. RTs in the different trial-types across bins are shown in Figure 4 . To examine the flanker effect across the distribution of RTs we ranked RTs in each condition (congruent, incongruent, and neutral) by dividing each participant's responses into five time bins.
In an ANOVA with trial type (congruent, incongruent, and neutral) and bins (1-5) as within subject variables, there were significant flanker effects; the slowest responses were in incongruent trials (M ϭ 647, SE ϭ 15), followed by congruent (M ϭ 533, SE ϭ 11) and neutral (M ϭ 514, SD ϭ 10) trials, a main effect of condition, F(2, 194) ϭ 310.66, MSE ϭ 7998, p Ͻ .001, n 2 ϭ .76. As this was built into the division of RTs into bins, RTs increased with bin number, a main effect of bin, F(4, 388) ϭ 713.45, MSE ϭ 544, p Ͻ .001, n 2 ϭ .88. More interestingly, condition effects varied with response speed, an interaction between trial types and bins, F(8, 776) ϭ 132.99, MSE ϭ 869, p Ͻ .001, n 2 ϭ .58 (see left panel of Figure 4 ). The flanker effect (the difference between RTs in incongruent trials and RTs in neutral trials) was significantly larger in each consecutively slower time bin (all ts Ͼ 7, all ps Ͻ .001).
In the central flanker task, because there were only 16 trials per trial-type, each participant's RTs were ranked and binned into four, instead of five, bins. After excluding incorrect responses (0.5%), responses immediately following an error (0.5%), responses faster than 300 ms (less than 0.5%), and responses slower than 3,000 ms (less than 0.5%), similar patterns emerged. In an ANOVA with trial type (congruent, incongruent, and neutral) and bin number as within-subject variables, the slowest responses were in incongruent trials (M ϭ 555, SE ϭ 20), followed by congruent (M ϭ 498, SE ϭ 13) and neutral (M ϭ 483, SE ϭ 12) trials, a main effect of trial type, F(2, 194) ϭ 24.74, MSE ϭ 22,675, p Ͻ .001, n 2 ϭ .20. Moreover, RTs increased with bin number, a main effect of bin, F(3, 291) ϭ 190.14, MSE ϭ 9888, p Ͻ .001, n 2 ϭ .66, and condition effects varied with response speed, an interaction between trial types and bin, F(6, 582) ϭ 6.19, MSE ϭ 1980, p Ͻ .001, n 2 ϭ .06 (see right panel of Figure 4 ). Similarly to the Simon-like flanker, the flanker effect significantly increased across bins (the differences between all consecutive time bins except the This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
first one, t(97) ϭ 1.94, p ϭ .055, were significant, ts Ͼ 2, all ps Ͻ .02). Interestingly, the increase in flanker effect from fast to slow bins resembled the pattern of switching and mixing costs across bins in the language task, but only with the pattern of mixing costs in the color-shape task. However, none of the measures of flanker effects (in either flanker task version), and whether in overall, fast, or slow RTs, were correlated with switching or mixing costs in the language task (all ps Ն .169). Flanker effects in the central flanker task did correlate with color-shape switching costs in overall RTs, r ϭ Ϫ.21, p ϭ .043, and in slow RTs, r ϭ Ϫ.21, p ϭ .036, but not in fast RTs, r ϭ Ϫ.18, p ϭ .082 and not with color-shape mixing costs (all ps Ն .18). Importantly, flanker effects were strongly correlated across different versions of the flanker task, including in overall RTs, r ϭ .49, p Ͻ .001, in fast RTs, r ϭ .57, p Ͻ .001 and in slow RTs, r ϭ .44, p Ͻ .001. Thus, the absence of robust correlations between flanker effects and switching costs cannot be attributed to low reliability of the flanker task itself.
Conflict adaptation-"Switching" in the flanker task. Costa et al. (2008) suggested that the difference between responses to trials preceded by the same type of trial (usually faster responses) and responses to trials preceded by a different type of trial (usually slower responses) reflects the cost associated with changing a mind-set (i.e., switching cost). To examine whether this "switching cost" is more comparable with the switching cost in the color-shape or the language tasks, we analyzed the Simon-like flanker task according to sequence effects of trial types. Because this was not an a priori planned analysis, there were different numbers of trials in each condition: Of all trials, 20% were identical consecutive trials-10% were congruent trials followed by congruent trials and 10% were incongruent trials followed by incongruent trials. However, 24% were different consecutive trials-12% were congruent followed by incongruent trials and 12% were incongruent trials followed by congruent trials. Note that these trials do not add up to 100% because trials following or preceded by neutral trials were not included in the analysis. We did not analyze the central flanker data in this way because there were not enough data points in each condition (there was an average of only 5 data points per participant in the conditions of interest).
In the Simon-like flanker task analysis, we compared RTs with congruent trials preceded by either congruent or incongruent trials, and did the same for incongruent trials (see Figure 5) . In an ANOVA with type of trial (congruent vs. incongruent) and condition (same vs. different than previous trial) as within-subject variables, we found that responses to incongruent trials were slower (M ϭ 646, SE ϭ 15) than to congruent trials (M ϭ 535, SE ϭ 11), F(1, 97) ϭ 248.02, MSE ϭ 4867, p Ͻ .001, n 2 ϭ .72, and sequences of different trial types (M ϭ 596, SE ϭ 13) were slower than sequences of repeated trial types (M ϭ 586, SE ϭ 13), F(1, 97) ϭ 5.71, MSE ϭ 1720, p ϭ .019, n 2 ϭ .06. Interestingly, there was also a significant interaction between trial type and preceding trial, F(1, 97) ϭ 10.80, MSE ϭ 1202, p ϭ .001, n 2 ϭ .10. Specifically, participants responded faster to congruent trials if they were preceded by congruent trials (M ϭ 525, SE ϭ 11) than when preceded by incongruent trials (M ϭ 546, SE ϭ 12), a significant "congruent switching cost," but participants' RTs to incongruent trials were not affected by the preceding trials (M ϭ 647, SE ϭ 15 for incongruent trials preceded by incongruent and M ϭ 646, SE ϭ 15 for incongruent trials preceded by congruent trials). Critically, the "congruent switch cost" in the flanker task did not correlate with the color-shape or the language trial-to-trial switching costs (both ps Ͼ .5; see Table 2 ).
Lastly, we examined trial sequence effects in the language and color-shape tasks aiming to compare them with conflict adaptation or trial sequence effects as just reported in the flanker task. To this end, we asked if responding to two consecutive stay trials was easier than responding to a stay trial after a switch trial, and similarly if responding on two consecutive switch trials would be easier than responding on a switch trial after a stay trial (which in turn might resemble sequence effects within the flanker task; see Table 3 for an example of the different conditions in the language task). In an ANOVA with current trial type (stay and switch) and previous trial type (stay and switch) as within-subject variables in the color-shape task, we found that participants responded faster to current stay than to current switch trials, F(1, 96) ϭ 41.46, MSE ϭ 3724, p Ͻ .001, n 2 ϭ .30, and also, surprisingly, that responding to the same trial type twice was more difficult than responding to different consecutive trial types, F(1, 96) ϭ 32.75, MSE ϭ 2785, p Ͻ .001, n 2 ϭ .25. However, a significant interaction between current and previous trial type, F(1, 96) ϭ 25.96, MSE ϭ 2014, p Ͻ .001, n 2 ϭ .21, revealed that this was only significant when responding to switch trials. Participants responded to switch trials slower after switch (M ϭ 714, SE ϭ 16) than after stay (M ϭ 660, SE ϭ 13) trials, but responses to stay trials were not affected by preceding trial type (M ϭ 651, SE ϭ 11 for stay after stay trials and M ϭ 643, SE ϭ 11 for stay after switch trials). In other words, switching twice in a row (i.e., switching back and forth: colorshape-color) was significantly more difficult that switching just once (i.e., color-shape).
In the language task, we observed similar results. Participants responded faster to stay than to switch trials, F(1, 96) ϭ 120.33, MSE ϭ 2937, p Ͻ .001, n 2 ϭ .56, and faster to different trial types (M ϭ 597, SE ϭ 9) than to same trial types (M ϭ 620, SE ϭ 10), F(1, 96) ϭ 34.75, MSE ϭ 1468, p Ͻ .001, n 2 ϭ .27. A significant interaction between trial type and condition, F(1, 96) ϭ 39.64, MSE ϭ 2056, p Ͻ .001, n 2 ϭ .29, revealed that this again was only significant in the switch condition. Participants responded to This document is copyrighted by the American Psychological Association or one of its allied publishers.
switch trials slower after switch (M ϭ 665, SE ϭ 14) than after stay (M ϭ 613, SE ϭ 10) trials, but responses to stay trials were not affected by the preceding trial type (M ϭ 575, SE ϭ 8 for stay after stay trials and M ϭ 581, SE ϭ 9 for stay after switch trials). Just as in color-shape switching, switching languages twice in a row (switching back and forth between languages-e.g., EnglishSpanish-English) was significantly more difficult than switching just once (e.g., Spanish-Spanish-English).
Discussion
The present study investigated the cognitive mechanisms underlying switching behavior by comparing two tasks assumed to measure switching ability directly (language and color-shape tasks) and a third task, assumed to involve overlapping cognitive mechanisms (the flanker task) across different parts of the RT distribution (i.e., contrasting fast and slow RTs using a Vincentile analysis). In the switching tasks, bilinguals were generally better at the language task, responding more quickly than in the color-shape task on all trial types (single, stay, and switch; see Figure 1 ). This language task advantage was most robust on stay trials, which showed both the largest speed advantage, and also an advantage in accuracy, relative to the color-shape task. Of great interest, though mixing costs were smaller in the language than in the color-shape task, counterintuitively switching costs were larger in the language than in the color-shape task, a result that was especially apparent in the slowest RT bin (see right panel of Figure 3 ). This reflected the finding that switching costs increased gradually across all time bins (including the slowest time bin) in the language task, but not in the color-shape task (which exhibited a nonsignificant numerical difference in the opposite direction). The latter finding was not a simple reflection of overall response speed (such that easier tasks show increasing costs across time bins, while more difficult tasks level off in the size of switch costs in slowest RTs) because flanker effects resembled the language task in this regard. Both the easier/ faster (central) and difficult/slower (Simon-like) versions of the flanker task (see Figure 4 ) exhibited increasingly larger flanker effects across each time bin. Finally, though the flanker task arguably resembled the language task in some critical comparisons (as just noted), in trial sequence effects the color-shape and the language tasks resembled each other (both exhibiting slowest responses on most difficult trials, i.e., when switch trials followed other switch trials, see Figure 6 ), whereas trial sequence effects in the flanker tasks patterned very differently (only easy congruent trials exhibited sequence effects, such that they were slower after incongruent trials, whereas more difficult incongruent trials exhibited no sequence effects, see Figure 5 ).
Why Is It Easier for Bilinguals to Switch Between Color and Shape Than Between Languages?
Bilinguals gain extensive practice with language monitoring and language switching in their daily interactions, therefore, it is not surprising that dealing with competing languages was easier for them overall than dealing with competing concepts in the colorshape task. As such, one might have expected the language task advantage to be reflected in overall speed, and in both mixing and switching costs, and it seems puzzling that the language task exhibited larger switching costs. Why is it easier to switch between color and shape than between languages, in spite of lifelong training in language control?
To answer this question, it is important to note that switching and mixing costs are not independent measures. They share common stay trials that, all else being equal, should produce a complementary change in switching versus in mixing costs (Whitson, Karayanidis, & Michie, 2012) . Indeed, our finding of faster responses particularly on stay trials in the language than in the color-shape task, resulted in larger language switching costs but smaller mixing costs for language relative to color-shape. This result is consistent with a neuroimaging study which used modified versions of the color-shape and language tasks in SpanishEnglish bilinguals (from the same population as in the present study), and reported that the greatest between-task difference in Figure 6 . Reaction times (RTs) in stay and switch trials relative to preceding trials in the color shape (left) and language (right) tasks. Error bars reflect standard error of the mean by condition. This document is copyrighted by the American Psychological Association or one of its allied publishers.
neural activation was on stay trials (Weissberger et al., 2015) . Specifically, the color-shape task exhibited greater brain response when compared with the language task, a result that led them to propose that bilinguals are "language staying experts," because increased activation likely signifies less efficient performance (Suskauer et al., 2008) especially on stay trials, in the color-shape relative to the language task. Weissberger et al. (2015) suggested that stay trials are more expertise-specific than single and switch trials, and therefore, may be more affected by bilingual language use (while both tasks elicited relatively larger brain response on switch trials; see also de Baene et al., 2015) .
Responses to stay trials depend on the level of target versus competitor activation. There are two prominent accounts of how switching costs might be modulated by the extent of target versus competitor activation on stay trials and both can explain why responses to language stay trials were especially fast. According to the inhibition account (Allport & Wylie, 2000) , the level of target activation on stay trials will be determined both by priming benefits caused by task repetition, and by the ability to inhibit the competitor, which in turn will be affected by the need to keep the competitor active in case of an upcoming switch. Switching on the other hand, requires activation of the newly relevant task, releasing it from previously applied inhibition, and resisting the tendency to want to repeat a previous task (Allport et al., 1994; Kiesel et al., 2010; Koch, Gade, Schuch, & Philipp, 2010) . Languages represent natural response alternatives and bilinguals are used to having to choose one language while avoiding the other in conversation with monolinguals. Regular practice with the goal to speak one language while inhibiting the other (Green, 1998) , makes it so that the target is relatively more active than the competitor on language than on color-shape stay trials. On this view, bilinguals are able to choose a single language much better than they can focus on a single task goal on stay trials in the color-shape task. The more complete selection of a single language for response leads to minimal interference on stay trials and allows fast responses, but in turn increases switching costs in the language task. Color and shape on the other hand are not naturally competing tasks. Therefore, because bilinguals are not used to inhibiting color when judging shape and vice versa, the competitor response set remains activated, leading to slower responses on stay trials (resulting in smaller switching costs and larger mixing costs).
Alternative accounts (Costa et al., 1999; Morton & Munakata, 2002; Philipp, Gade, & Koch, 2007) aim to account for switching without assuming inhibition but would make similar predictions. On stay trials, bilinguals strongly activate the language used in the preceding trial and this activation has to be reduced on switch trials. Bilinguals are not used to focusing exclusively on color but not shape, and vice versa and therefore they activate both tasks simultaneously. According to the adaptive control of thoughtrational theory (ACT-R; Anderson, 1993; Sohn & Anderson, 2001 ), task preparation includes retrieval of task goals, and repetition of what was recently retrieved (priming effect). While the first reflects executive control, the latter is more automatic and affects responses regardless of intention. To explain our results without assuming inhibition it could be argued that the language task might be more affected by automatic retrieval (priming effects) on stay trials than the color-shape task. Each time bilinguals produce a word in one language, activation might spread automatically to other words in the same language (Green, 1998; Poulisse & Bongaerts, 1994; Roelofs et al., 2016) . In fact, many theories of bilingual language processing assume that bilinguals develop "language nodes" specifically to instantiate languages as response alternatives (for review see Declerck & Philipp, 2015) . Such spreading activation would make priming effects on stay trials stronger, and would facilitate bilinguals in maintaining single language production when appropriate (i.e., in monolingual contexts). By contrast, no analogous special mechanisms will have developed for controlling activation of colors and shapes, for which though semantic priming might also be present (colors prime colors, and shapes prime shapes), such facilitation effects would likely dissipate rapidly with massive repetition (inherent to task switching paradigms). More critically, in normal circumstances simultaneous activation of colors and shapes would not need to be avoided for any reason (and in fact would be desirable in some cases as in the Stop sign example above). As such it should be more difficult to focus exclusively on one but not the other dimension (and back) in rapid succession in the color-shape task, especially because both color and shape are present perceptually on each trial (Kirkham, Cruess, & Diamond, 2003) . In this way, even without assuming inhibition, larger switching costs in the language task might reflect greater priming effects (not a switching disadvantage; though note that language nodes are typically thought to both activate the target language, and suppress all representations in the nontarget language as well; Green, 1998; Koch et al., 2010; Meuter & Allport, 1999) . Whether because of inhibition or activation (priming), what is critical is the hypothesis of weaker activation of the competing task on language than on color-shape stay trials-this is what we suggest makes language switching more costly than task switching.
A final possible consideration for understanding differences between the two switching tasks is differences in response sets. While each trial in the language task could elicit only two response alternatives (e.g., 5 ϭ cinco and five), each trial in the color-shape task could elicit four response alternatives (red, green, circle, and triangle) . This is important given previous research showing that response set size can affect the magnitude of switch costs (Waszak, Hommel, & Allport, 2003 . Importantly, we found faster responses for the language task even in pure blocks (in which tasks are equated for the number of possible responses on each trial). Moreover, an argument in the other direction could be based on the fact that in total the language task entailed many more possible response alternatives (i.e., eighteen or nine number names in each language, relative to just four in the color-shape task), a factor that could increase response uncertainty in the language task at least at an earlier processing stage (before stimulus recognition). According to Waszak, Hommel, and Allport (2003) , when people carry out a particular action in response to a particular stimulus, they encode the stimulus and response (S-R) and when the same stimulus appears again, the whole S-R is automatically retrieved. If so, fewer response alternatives in the color-shape task should have yielded smaller mixing but larger switching costs because the same stimuli appeared more frequently in the color-shape than in the language task (and thus the lag between repetitions would be smaller with just four stimuli vs. with nine digits). This in turn should have allowed easier retrieval of the S-R set when the same stimulus reappears and the same response is required, but more effortful switching when the same stimulus appears but requires a different response. Instead, we found the opposite pattern (switch This document is copyrighted by the American Psychological Association or one of its allied publishers.
costs were larger and mixing costs smaller in the language task), demonstrating that the overall number of response alternatives is not a critical predictor (but see Declerck, Grainger, Koch, & Philipp, 2017; Declerck & Philipp, 2015) , suggesting that what was critical in this case was the number of response alternatives on each trial (after the cue was presented).
Cognitive Control, Task Uncertainty, and Strategic Preferences
While there are reasons (as just discussed) for expecting real differences in ease of switching across the language and colorshape tasks, the dissociation between tasks in switching costs in slow RTs suggests that other factors are also involved. Huff et al. (2015) used Vincentile analysis and showed that older adults had smaller switching costs than younger adults, especially in slow RTs. They suggested that slow trials reflected poorer processing efficiency caused by reduced control of attention, or working memory capacity, and that in such trials older adults may have effectively been restarting the task, wiping out task repetition priming effects, increasing competitor activation on stay trials and mixing costs, but decreasing switching costs (because stronger competitor activation on stay trials slowed stay trials but increased accessibility of the needed task on switch trials).
The pattern of results in response time distributions in the color-shape task in both mixing and switching costs in the current study greatly resembled that found in older adults in Huff et al.'s (2015) study. While mixing costs gradually increased with time bins, switching costs increased only in fast, but not in slow response bins, inviting a similar interpretation as that offered by Huff et al. (2015) . On this view, the color-shape task produced smaller switching costs than the language task, not because of a switching advantage but because of a disadvantage (failure to differentiate between target and competitor on stay trials, reflecting task uncertainty). Roelofs, Piai, and Garrido Rodriguez (2011) also showed in a picture-word interference (PWI) task, that inhibition of translation equivalent written words was more difficult in slow than in fast RTs (larger interference effects), especially in low-proficiency bilinguals. While the authors suggested that this effect may reflect the time needed to allow inhibition to build up, it might instead reflect greater difficulty with ignoring perceptual aspects of stimuli (in slow RTs, under task uncertainty or lapses of attention, the difficulty of ignoring written words in PWI, and color or shape in the color-shape task, will lead to larger interference in the former and smaller switching costs in the latter). In contrast, in the language task both mixing and switching costs increased in size with each increase in time bin. Thus, even when there is some uncertainty from trial to trial about which task will be needed (i.e., in mixed language blocks), bilinguals still choose one language more completely and profoundly on stay trials than they do in the color-shape task.
An alternative possibility is that bilinguals purposely increased competitor activation on color-shape stay trials in a strategic preference to reduce switching costs. On this view, participants activated the competitor to the extent that it was so high (almost as high as the target), that selecting it on switch trials was very easy in the color-shape task. In fact, the small switching costs in this case can be interpreted as not reflecting switching ability. Instead, slow RTs may reflect a strategic increase in preparation time, which reduces switching costs (Sohn & Anderson, 2001; Stasenko et al., 2017) . This strategy was not implemented in the language task, either because simultaneous activation of both languages (naming in English and Spanish simultaneously) is something bilinguals regularly practice avoiding, or because languages are naturally competing response alternatives, and therefore they do not need to strategically activate the competing language to prepare for a switch. If these interpretations are correct, our results demonstrate that even within the same participants, tasks that are highly similar in design do not necessarily measure or reflect the same underlying cognitive mechanisms. That is, both the language and the color-shape tasks, appear to obviously and overtly measure switching; they both require maintenance of two task sets, reconfiguration of an intended task on every trial, and selection between competing possible responses to bivalent stimuli (Prior & MacWhinney, 2010) . Nevertheless, these tasks do not necessarily and exclusively reflect switching ability on all trials.
Interestingly, and at first glance counterintuitively, flanker effects resembled language switching costs more than the colorshape switching costs in this respect, increasing with each time bin (similar to language switching but not color-shape switching costs). In the flanker task there is only one task on each trial (indicating the direction of the central arrow) and a response selection should be made within this task (right or left). In that sense, the flanker task is arguably more similar to the language task, in which even when there is task uncertainty, there is also only one task on each trial (naming the digit) and one must select the correct response within the task (e.g., five or cinco). Thus, in both the flanker and the language task even on very slow trials, the assumed construct (flanker effects and switching abilities, respectively) is still being measured. By contrast, in the color-shape task, task uncertainty would lead to an initial selection between two tasks (naming the color or the shape), followed by a within task selection (saying red or green). Therefore, the slowest RTs might reflect something less directly related to actual switching and more generally related to task uncertainty (or strategic preferences).
What Is a Switch?
The findings described above demonstrate the difficulty in measuring pure switching abilities. Another challenge is that the word switching has been used in the literature in related contexts in ways that are misleading. Costa et al. (2008) reported that bilinguals, presumably because of their experience with managing activation of two languages in their daily life, exhibited reduced flanker interference effects relative to monolinguals, and further reported a significant bilingual advantage in the ability to "switch" between different types of trials within the flanker task (see also Costa et al., 2009) . That is, bilinguals exhibited smaller trial sequence, or "conflict adaptation" effects (Gratton, Coles, & Donchin, 1992; Nieuwenhuis et al., 2006) in which responses are faster following a previously matching trial type (e.g., faster responses on incongruent following incongruent trials, than incongruent following congruent trials). Costa et al. (2008) implied that the smaller sequence effects in bilinguals compared with monolinguals reflect bilinguals' better ability to switch mindsets. The use of the term "switching" in this context implies that common cognitive mechThis document is copyrighted by the American Psychological Association or one of its allied publishers.
anisms are being measured in the flanker task when switching between trial types as in daily language switching (and assumes a relationship to domain-general switching ability as conceived, e.g., in Yehene & Meiran, 2007) .
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Like in Costa et al.'s studies (Costa et al., 2008 (Costa et al., , 2009 ), we also found that switching from incongruent to congruent trials was more effortful than responding to consecutive congruent trials (congruent switching cost). Moreover, Costa et al. (2008) found very small trial sequence effects on incongruent trials in bilinguals, and Mayr, Awh, and Laurey, (2003) found sequence effects on incongruent trials only when the same response was repeated from trial to trial (e.g., when a left-pointing arrow surrounded by rightpointing flankers appeared on consecutive trials, but not if a left-pointing arrow surrounded by right-pointing flankers followed a right-pointing arrow surrounded by left-pointing flankers). Similarly bilinguals in our study did not exhibit sequence effects on incongruent trials. However, when directly comparing trial sequence effects across the three tasks, we found that while in the flanker task trial sequence affected easy more than difficult (i.e., congruent more than incongruent) trials, in both the language and color-shape tasks, trial sequence only affected difficult (switch) but not easy (stay) trials.
However, one must bear in mind that flanker "switch" trials are fundamentally different from switch trials in the language and color-shape tasks. In the switching tasks, trial difficulty is determined by the preceding trial (a switch trial is more difficult than a stay trial because it is different than the previous trial), while in the flanker task, trial difficulty is inherent to the trial itself. In this sense, sequence effects in the switching tasks actually reflect three events (e.g., naming in English, then naming in Spanish, and then English again) whereas flanker sequence effects reflect two events (e.g., responding to a congruent after an incongruent trial). Therefore, it might be more relevant to compare flanker sequence effects with switching costs (just two events) in the language and the color-shape tasks-indeed this is why Costa et al. referred to the bilingual advantage in conflict adaptation as a switching advantage. That said, sequence effects in the flanker task patterned differently from sequence effects in both switching tasks (i.e., the former were strongest on easy congruent trials, and the latter strongest on difficult switch trials). Moreover, sequence effects in the flanker task were not significantly correlated with any cost measure in the switching tasks (see Table 2 ). Therefore, even though a priori it might have seemed that both processes rely on inhibition, these considerations imply nontrivial differences in cognitive mechanisms that are tapped by sequence effects in the flanker task, sequence effects in switching tasks, and switching cost measures in the color-shape and language tasks. These differences might also imply task-specific adaptation processes (Braem, Abrahamse, Duthoo, & Notebaert, 2014; Kiesel, Kunde, & Hoffmann, 2006 ).
An important difference between flanker sequence effects and switching costs is that the first reflects challenges associated with needing to manage two levels of trial difficulty within the same task, whereas switching costs reflect the difficulty associated with switching between two different tasks. Though we did observe trial sequence effects in the color-shape and language tasks, these were limited to switch trials following switch trials, implying costs associated with repeated switching (not adaptation to trial difficulty; for possibly related findings see Koch et al., 2010 who also reported that switching twice in a row is particularly difficult between two languages, even more so than switching twice in a row between three languages). Thus, both language switching and perceptual monitoring in the flanker task are context-sensitive mechanisms. However, while sequence effects in the switching tasks reflect the need to apply and release inhibition rapidly (Kleinman & Gollan, 2016; Philipp et al., 2007) , sequence effects in the flanker task may reflect either trial to trial modulation of attention and monitoring (to avoid perceptual distraction) or an episodic memory phenomenon (Mayr et al., 2003) . Similar conclusions were reached by Jylkkä, Lehtonen, Lindholm, Kuusakoski, and Laine (2018) who also found that flanker (and Simon) effects did not mediate language switching in a picture naming task (while a number-letter task only predicted L2 switching costs). They suggested that language switching may be specialized and does not rely on general set shifting capacity (but note that they made no attempt to maximize methodological similarities between linguistic and nonlinguistic switching tasks). These findings support Friedman and Miyake's (2004) claim that no task can deliver a pure measure of a single specific cognitive mechanism in regards to executive function; tasks that are thought to measure inhibition measure inhibition of something in particular (a response, a thought, distraction, etc.) and inhibition itself may not be a unitary mechanism (Rey-Mermet, Gade, & Oberauer, 2018; see also Colzato et al., 2008; Pettigrew & Martin, 2014; Von Bastian & Druey, 2017) . Similarly, our tasks are presumed to measure general switching ability and inhibitory control, but no doubt are also measuring aspects of switching that are specific to particular response sets.
The Hazards of Cross-Task Comparisons and the Search for Bilingual Advantages
The current findings also shed some light on the conflicting results in the literature regarding bilingual advantages in nonlinguistic task switching. Small differences in implementation of switching tasks (e.g., vocal vs. button pressed responses, short vs. long preparation time), and the common practice of averaging switching costs across fast and slow trials might miss important similarities or differences in cognitive mechanisms underlying performance when correlating between tasks or comparing monolingual to bilingual groups. As an example, we found cross-task correlations in color-shape and language switching in fast and overall RTs but not in slow RTs (see Table 2 ), whereas crossdomain correlations in switching costs have not been reliably 2 Sequence effects are sometimes thought to reflect conflict monitoring and adaptation to conflict. That is, a trial with conflict (e.g., an incongruent trial) acts as a warning signal that increases task focus, benefiting performance on an immediately following trial that also elicits conflict (Botvinick, Braver, Barch, Carter, & Cohen, 2001) . A different view ascribes sequence effects to episodic memory processes; each trial creates an event trial of a stimulus and response that are bound together. When a subsequent event only partially repeats (e.g., an incongruent trial with a left-pointing central arrow followed by an incongruent trial with a right-pointing central arrow), compared with fully repeats (two consecutive incongruent trials with a right-pointing central arrow), the event breaks down and responses are not facilitated by the sequence (Hommel, 2004; Mayr et al., 2003 , for review see Braem et al., 2014) . While conflict adaptation might be expected to improve in bilinguals due to experience with managing conflict in language selection, episodic memory processes should not be affected. This document is copyrighted by the American Psychological Association or one of its allied publishers.
found in previous studies when looking at average, instead of distributional, switching costs (Calabria et al., 2015 (Calabria et al., , 2012 Prior & Gollan, 2013; Stasenko et al., 2017 but see Declerck et al., 2017 . Our finding of significant switch cost correlations between colorshape and language tasks in overall RTs, might be related to the larger number of participants we tested (we had 97 bilinguals all with similar linguistic and demographic background), our use of vocal responses in both the color-shape and the language tasks, or some other unidentified factor. For example, correlations might be found when participants happen to be well focused (able to activate just one response set on stay trials in the color-shape task) even on their slowest responses-in which case even slow RTs would then provide a valid individual difference measure of switching ability. 3 The fact that language correlated with colorshape switching costs only in fast (and overall) RTs, but with intrusion errors only in slow RTs (see Table 2 ) also supports the assumption that different mechanisms could underlie fast and slow RTs, even within a single task (see also Roelofs et al., 2011 who argued that inhibition builds slowly, and the extent to which inhibition is applied on any given trial varies with response speed, and degree of bilingual language proficiency).
Moreover, while some studies argued for a bilingual advantage (Bialystok, 2017; Garbin et al., 2010; Gold, Kim, Johnson, Kryscio, & Smith, 2013; Prior & Macwhinney, 2010) at least in some bilingual groups or in some conditions (Houtzager et al., 2017; Prior & Gollan, 2011; Stasenko et al., 2017) , others failed to find bilingual advantages (Mor et al., 2015; Paap & Greenberg, 2013) , or found an advantage but then argued it is not real (de Bruin et al., 2015 ; see review by Paap et al., 2015) . All these studies examined whether bilinguals exhibit smaller switching costs in the color-shape task-with the critical assumption that bilingual language use, and switching in the color-shape task, tap the same cognitive control mechanisms. However, the analyses above show that this is not always the case, even when comparing language and color-shape switching in highly similar paradigms.
Going forward it will be fruitful to determine which cognitive mechanisms might be shared across domains with a more detailed theory-driven task analysis of switch-costs informed by Vincentile analyses. While a bilingual advantage in fast RTs might imply shared switching mechanisms (transfer of inhibition initiation or release of inhibition across domains), a bilingual advantage in slow RTs could instead suggest differences between groups in maintaining two normally noncompeting alternative tasks active, possibly due to between-group differences in strategic approach to task mixing (e.g., bilinguals manage to deliberately keep both tasks activated as switch preparation better than monolinguals). 4 The approach taken here also raised a number of questions to be followed up in future work, including if and why do bilinguals seem to prefer to be better prepared to switch in the color-shape task but do not need to explicitly prepare in the same way in the language task? Is dual-language activation even possible on stay trials in the language task? More specific follow-up questions are required to understand if bilinguals do in fact apply a strategic modulation of switching versus mixing costs in nonlinguistic control or if instead this switching advantage actually reflects a disadvantage analogous to that observed in aging and dementia. Within the domain of language control, it will be important to consider what happens during failures to switch or slow language switches-whether this reflects stronger or more automatic inhibition of the competing task, stronger target activation on stay trials, or whether it is related to difficulty with releasing inhibition on switch trials.
Conclusions
The distributional analysis of switching and mixing costs in the color-shape and language switching tasks and in the flanker task, revealed some striking dissociations. In the language and colorshape tasks, though the paradigms are much more obviously similar in many ways than either switching task compared to the flanker task, the binned analysis revealed distinct underlying cognitive processing mechanisms operating in color-shape versus language, especially at the slower end of the response time distribution. These differences may be related to task uncertainty, strategic preferences, or both. Our comparison of switching processes across multiple tasks within the same group of bilinguals sheds light on a question with broad interest outside the field of bilingualism related to defining and understanding the cognitive mechanisms underlying switching behavior. While task switching processes and conflict resolution in general might be shared across domains (domain-general), measuring them in experimental designs requires thoughtful task analysis that takes into account different processes, other than switching, that might be involved in task performance. Moreover, elsewhere we and others have argued that there are different types of language switches (Declerck, Koch, & Philipp, 2012; Gollan & Goldrick, 2018; Kleinman & Gollan, 2016) such that a "switch" is not always a switch. Our current cross-task analysis implies that the same is true for various forms of nonlinguistic switching-sometimes what appears to constitute switching behavior does not involve the same cognitive 3 Note that unlike for switch costs, averaging across RTs for mixing costs does not appear to greatly affect cross-domain correlations. The robust cross-task mixing cost correlations (in fast, slow, and overall RTs) found in the current study, are consistent with previous observations thereof (Prior & Gollan, 2013; Stasenko et al., 2017) . Mixing costs likely reflect many cognitive mechanisms, including but not limited to cognitive control mechanisms, making correlations across domains more robust even when averaging across fast and slow response trials. 4 To test this hypothesis we reanalyzed data comparing bilinguals and monolinguals from Stasenko et al. (2017) using Vincentiles. In this analysis, we found a similar pattern of what seemed to be a ceiling effect on the size of color-shape switching costs in the slowest time bin, but only in short (116 ms) and not in long (1,016 ms) cue-target interval (CTI), and only for bilinguals but not for monolinguals. The appearance of the ceiling in the short CTI makes sense given that the CTI in the present study was closer to 116 ms than to 1,016 ms, but is puzzling given that the bilingual advantage was found only in long CTI. Dual task activation on stay trials in slow RTs may be more related to strategic preferences (purposely activating both tasks on stay trials to reduce switching costs) rather than to task uncertainty. With longer CTI the drop in switch-costs in the slower time bin was no longer found in these data, implying that bilinguals no longer felt the need to apply the dual-task activation strategy when they had more time to prepare to switch. However, further study is required to determine why bilinguals were advantaged only in long CTI, and if other methodological differences across studies might be critical or not (e.g., in Stasenko et al., bilinguals responded with overlapping button presses in the color-shape task, whereas in the present study vocal responses for each switch task were unique, and thus a response never repeated across a task change, a methodological difference that seems trivial but may be important given that seemingly small methodological changes can have robust effects on the size of the switching costs; Kleinsorge & Heuer, 1999; Korb, Jiang, King, & Egner, 2017; Von Bastian & Druey, 2017) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
processes needed to initiate switches in other circumstances, in turn inviting more detailed analysis and thought in use of the term "switch" across contexts in future work.
Context of the Research
A topic of broad interest in cognitive science and neuroscience concerns the extent to which conflict resolution and switching abilities are shared across domains. A typical approach to address this question is to select tasks thought to measure switching abilities in different domains and to correlate or compare them across groups. The current study puts a magnifying glass on switching abilities by comparing performance on three commonly used tasks-flanker, language switching, and color-shape switching at different points in the RT distribution within a group of Spanish-English bilinguals. This approach, which separates slow from fast RTs (Vincentile analysis), was previously applied in aging studies, but has never been applied to the research of bilingual switching abilities and revealed important insights about the relationships (and the absence thereof) between linguistic and nonlinguistic switching. No task appears to deliver a pure measure of switching ability, and each task is affected differently by individual differences in cognitive control, strategic preferences and working memory load as revealed by striking differences between tasks reflected primarily in the slowest RTs within each task. More broadly, the current analysis suggests that the use of Vincentile analysis, rather than the common practice of simply averaging RTs, provides a clearer picture regarding the cognitive mechanisms underlying switching abilities and allows for more direct and accurate comparisons between tasks and groups.
